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(54) THIN-FILM CAPACITOR AND CAPACITOR-INTEGRATED SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film 
capacitor and a laminated thin-film capacitor which, 
having large capacity and low inductance, can cope with 
a high-speed digital circuit. 

SOLUTION: In a thin-film capacitor wherein electrode 



films 2 and 5 are formed on both surfaces of a dielectric 
thin-film, while the dielectric thin-film has plural split 
high dielectric constant bodies 3 allocated with interval 
with a low dielectric constant body 4 of amorphous Si02 
allocated between plural split high dielectric constant 
bodies 3, the electrode films 2 and 5 formed on both 
surfaces of the dielectric thin film have capacity take- 
out parts 6 and 7 formed on the same side, respectively, 




while the currents flowing in the electrode films 2 and 5 
are desirably opposite in direction. The thin-film 
capacitor may be integrated in a substrate, dependence 
on the case. 
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[lf#S2] RS^flitOMffitc^/S^n^VSiik: 

zmxm i mm<Dmm=t y?y*t 0 
imxm 3 ] mmm i $/c« 2 sssc^^n y^y^ 

&fafalcfiMZtiT^2>£t%nmt-f%ayf : yy-iH 

Mg*r<fct>*N b*#tf^p^*>r hl&^gfbfgftSg 

k H z (MiS) ^OJtiW**^ 5 0 OfiLt, 1 0 OM 
Hz (gfi) T€»tt^W2 0 0 OJW±-efet), *o 

Jtwt*©s*wtt#± 1 5 %tm c- 4 0 °c~8 5 2 

°C) TfctK &8fli#?5 V/^mBflral^OltSWspSflDa 

BWtft*^4«»MTfet3T, cn5<D«»*'B a T i 
i-t Z r. Sn» 0 3 tmLrcm<Dxjs£Zfyti\ m 
1 tefcH-SHaA-B-C-D-E-F-ATHS-ti* 
teBPJfcfctK fro, ^P^X*^b^<D¥^SS 
gdtfO. 10-0. 2 5 nmT'&Z££*ftWl£TZ 3( 
If 1 Scfctt 2 ie«O^M3 yfyt. 

< x , y ) 

A (0. 0 1 , 0. 0 1) 

B (0. 0 1 » 0. 05) 

C (0. 0 2 5, 0. 0 8) 

D (0. 0 5 , 0. 05) 

E (0. 10 , 0. 0 5) 

F (0. 1 0 „ 0. 0 1) 

ft<oft%mm®m&<?>®\z7*:)i7Txs \ o 2 
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Coo 0 1] 
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[0 0 0 2] 

a* «ateffls-r 3 £sgco $ 3 3 y tr a. - ^ oj^iiT* 

10 MilOOMHz^SgMHz, ^^Rfl/SXflD 
*ay*fl»Sfe3 0MHzfrS7 5MHzfciSK8fl:# 

[0003] *f c , ls iaiOUttresD?-?:/!**) 
ft, <WEfl:fc#i,\ 3>7 f >^©Slftaj l Bfe/j^ 
[0 0 0 4] 3>fn$'Mifct5ftJ4(i:(i- 

:o »omifc:«»sftfcwtflc*»<u wwtrscfc 

<zt*. =>yTyy-icwmzntcJi*)i¥-%ffimicm 
3 [ooo5]f*77'jy^yf^ici^n2tt 

T, 1 00MHz*5 1 GHzlctsl}Zffi$i&ffl£icM 

[0 0 0 6] nyfytO|>lfMC, -f 

. =1/ (2 * (CD m ) MfiJittKTcF) 
-f>l?-^>X*«tS«»R*4jt* 0 f<f 0 

oym^tmmmmoyuyT'y^t lt*ss^\ ^{c 

f>f. WY^^VXiLU5Sl,\ CtD^? 
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[0007] mcmft<D l s i &m&m<om*:ic&& 

«S«ff©ffSS»*t/h$<a:-3T(r^o Sot, ffi 
f o * I C OlfrttSSft «fc t) fe iSJ^SiJt t -a TKb 

[0008] ^yrywjyzzzyximwm^ 

[0 0 0 9] L*»L&4H6, ±l3S*^S»T*S<t3 

■#fcKT?* 0 x C ©rf&«PE**fc L&tfftfcf 1 G H 
z S^CD^P >y ^liJat^T'tSf* 7 >^3 
Vf^tOl^tt but & 5 o 

[ooio] tc5t\ 'C^f ^^yx*K^s*s^r 

[00 11] glOJiSli, #fi7.E«&7ct)<DS»&ii 
*P**T/J^Mk*Hntf J: < , =iVx>-9-^%«Kft 3( 

mWTfcWKftLfcWfcLTWUBiae 0-9 4 7 1 6f 

[0012] S2©^rati, -*o««Sis*^«-rs 
[0013] mmmx'it, zmcftmLrcxyry 40 

V%&FmMTZ£klc£^z{&'{y3r?5iyxittfm 

nztmmic&jyz—pyxittfmmT-tZo ^ms 

tteZM (T. H. Hubungftk IEEE Transcations on Ele 
ctromagnetic Compatibility, Vol.37, N0.2 (1995), 1 
55) tcij^rfe, *y7M/<t7><D7vyb&g}c&i<D 

[0 0 14] ±E£3©75f8;*gflIl,fcfc©fcLT, U. 50 
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S. Patent4, 853, 827 tBBg5Sn* &<Dtftot>tlT^ 

mfr-D{&jy?i $ ywnvryvwimztu mm 
atmmm=\ 5000*10 

CfclCfcD, ^»S«312 nF/sq.-in. ( =0. 4836nF/ mm 
10 [00 15] 

«MM©JhKttfe*vEaM nF/W 7$ 5, ?5fcl» 

[0 0 16] $fc, fiR«*#JSfc LT. *«*ffl^T 
:o (t©feS^6tt»$L<ft^ 0 T-hvlvyyuy^y 

v<Dwzmmws< u mm<t (1 -rs 

a^-S'ayfcJ^^lfcfcHHSn-CVS (Z. Wu.Y^ 
Chen, and J. Fang, Proc. Electron. Compo. Conf. 44 

th (1994), P . 945.) ti\ wmm<Dmm.w<Dimnmt 

tzfrfifr 2 5 $T*<D^ =• a U-s, 3 y V % t) , 

»»c3**&r^*» i o<p s» i o o n f ©satBB-ra 

[0017] mamflW&ftfttfett&LTtt 
) WM¥4 -211191^ #W¥8 - 88318§^ 

**** n >t* >^<D*ffi®«^f C t) <ommtm*x\ 

[0 0 18] SffOfW^y^3>7*V9-fc4Bl,^Ttt|| 

sprfiift-r^^^*>xotti4fc*^ i o o P h-p* 

t^lSt* Sfcfefcfi, b$>'(y#>7$yxim.-\- 
P HWT© U^I/©7** -v 7V y?a yfyy-jtjtxmt 

[0 0 19] /^7y-y'^I^ i: g i? 

y*<Qi&*y#?zyx<tmzxmtmLrc£? 

3mm(Dftii;tf3Z>5t>\ ±m*mi3:<&<< y v 5 $ y 

•remsji^^T, o«ffiflMi*/M<u 2) 
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Q#Mmi&&* 1 0 OMH zJLXBcf 
[0 0 2 0] -73, 7-?yM/vjVL.icttm2tiz>, i 

nzymmymmvit i ^ mWTo^-efijtett^ 

litzfrtcfrl OOOggWTT'&D, ifi^BcDtl&frP. 
[002 1] 1 0 0 Q£A±<DM^ltmW.mZ$> 10 

?£&<&>), m+MHzW±-eoiiS?a^i!f oi&& 

^00 2 2] *»W{4, ftSMHz^6lGHzO«3S 
r^*;mggfc:*ft£L5.5*8*? x froffi-fy^* 
>XO?iSi3 >f* J: tf a >t* ^*rtM«E*fflft 20 

[002 3] 

it, a*ft:mioiaisfc:*n€n«iiit*jgj«uTfts 

[0 0 2 4] *%W«3yr>-9-rt*IS«tt N ± 
!2»^3>-r>"9-^S^t^2tlTi/^ 

-So 

[0 0 2 5] ±E#»J»BW*ftl4, ^SS^i: LTP 

kHz (MS) T©]±Bi«*#2 5 0 OJMiu 1 0 
0MHz (MS) T?4)JfcSf«**«2 0 0 0£U:T?&D. 
*^JtSf«*OiSAWtt^± 1 5 (-4 0 °C~ 8 40 

5°C) T*£9, fl»M#?5 V//i mWjM$©JtKW*Sfl!> 

[0 0 2 6] &*IASS«*ftfc!U &«7CSgfc LT 

Ba, Tis Zr^tfSn^tn^o^Mh 

aTi,-,-, Zr, Sn, Cb tUhtc^<D xfcitfy 
tf, 0 1 fcfctf-5l£#A - B-C-D-E-F-AT*! 
Sns^Hp'gtSDs fro, ^xiyy^fs^ hBM,(D¥i% 
efi&gdtfO. 10-0. 2 5/imT'feSc:tfrMi 

50 
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A (0. 0 1 
B (0. 0 1 
C (0. 0 2 5, 0 
D (0. 0 5 , 0 
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0. 0 1) 
0. 05) 
0 8) 
0 5) 



E (0. 1 0 , 0. 05) 
F (0. 1 0 , 0. 0 1) 

set, *^iinyf^ii, m&.v>nm.vmm 

[0 0 2 8] 

[0 0 2 9] ±!BUSP 4, 8 5 3, 8 2 7? 

a* &mmm®m*MnfomicjmLr^tcrztb, mm 
ic^fwti^^-D 

<&-ty#z$yxitftft±x-i*2> 1 1 tt x 
ffis§*S£-f&fci3, ffifist^n^-rsctfrT-tsfe 

[0 0 3 0] ^-LT, «K3V7*>i?-0»»(SfSWR!ft 
[0 0 3 1 ] ffi-aT, *8WOi|3Vf^tt, iffS 

», ffi-o^2>x, ffijgfttitjg-r.se 

So 

[0 0 3 2] 

±©«MHt y^yvmvffllc i o o 0JM±«DKv^JtSI 

<Dimmm&<D$sft£ d&s k©T-&s 0 

[ 0 0 3 3 ] 0 2 t*awow«3 >t* 
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ctiZQftmtmmw* 3 ms.ra<o^m^ 7^77 
m<a,Mmmw 3 ssh©ibiisu4x 5o~2oo^mt? 

n> *Sffi*0^ttfcl/^-5jS^6 1 00-2 0 

[0034] «Ro^aii»Bra*«3 cne<DBa* 
fern? % imwmfc 4 1 «t t? 1 0 aw ? n 

T^So ^tftlil 0<7)±®{C{± N 0 1 {c^Lfctd 
5fcWW2fc:l4, H-Wfc*ft«T8Mllfl»6s 7 

[0 0 3 5] ^It^oI^y^^yxcDf*7y 
u > y n y T-*y+r^#£ fc to 1 14, 02 T-^sn/c * 3 

XfiZ = 1/ [n/R-j/o, (L/n) + j to (n 
C) ] C03>-r>-9-3l5?0|Ua§»{4nC, 

So Sfo ttfia»»*4l/2 ji (LC) M T>&5 0 

1 OOMHzM 1 GHzoftO^D-^iSat^ 30 
T- * £ 7* A y 7 U > y a > 7* >->7£{t£ C T' * 3 . 

[0036] xftrnvR^ztizmmsntLTii, 7 

>l^7\ V7T47. MgOm S r T i 0, 

a. ffiRwar^**^ 5 a 1 n, fesi^:? 
•77,^^ mm, mmmymmyvay^ stzitm 

(C u) , -y^ril (NO , ^> (TO , XX 
(Sn) \ Xf>l/XXf-f-;l/ (Fe) ^MtL<(i 

fct^A*»67'>I/57-, if7r>f'/ T *<2$L<, -Tf, 40 

t*Jl75«gJn[{t©^T*ffi (Cu) mfoZtcim (C 
u) SgA!iiL^„ 

[0037] zfc, *miommma»u;-sttnM 

ttx H*tf, (Pt),^ (Au) , /^>?>7A 
(Pd) % ffi (Cu) aWR^fe*), C^<D?^t 
(P t) (Au) Il^iltfe^. P u A 

feSo Wmmt, 7^-y£, CVD, I 50 
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m t <Dfcmw±r°i*% ■? 7% hay z,\ y 
[0 0 3 8] fiWI»«:tt7^7rXS i 0 2 
tt, CVD, mmmm&ft&Z 

[0 0 3 9] #»ftBm*ttfc LTti, ffJi»fS«(c43 

tLTPb, MgfcitfN b£#ty^n:/X7j^ h-§y^ 

suessa i k h z mw) v<Ditmmm^2 sooli 

±, 1 0 0MH z @S) -e€)JtBf«*«<2 0 0 0JM± 

■p*t), *oj±st«*©jafi«p tt#± 1 5%art (-4 

0 °C~ 8 5 °C) <0 . utt»C«^ 5 V/|£ mEPAn^Oib 

4 0 %WrtT?&J5 fe ©««SS Lt/\ 
[0 0 4 0] $^c, BI««fflK«!>«IO0|2:bTx ^Mtc 
20 ItLTBa, TK Z r fcitfS n^ft5^D7 

tl6©«»*BaTiHr, Zr. Sn t 0 3 4:gLfc 
«POxfe«ttfy^ Hlfcfctf-SfcTM-B-C-D- 

-r hm&wnmsusm. d&o. io~o. 25^0 

[0 0 4 1] ft, *5KBfcfet>T{4±8BLfcSMIftWi| 
AWtcaSUlr^ ±Cl/feJM^PZT» PLZT, 
B a T i O3 , S r T i Oj , T a 2 Os m^MWfoW 
30 iT'SoTtK, 1ftH^?nSfetOTf4S:t\ £ <D 

[0 0 4 2] ±IBLfcP b-Mg-Nb&fc^tfB a T 
Zr. Sn v Os T!&-£tl&!Bj8.<Dmmmm 

aifiT?©«i«7>a*«/jN? < , ^o7-y^-^-xy-;i/ 
■re ^w^tf^iJ^nfcfctoT'SSo cne»/^i7 

it*<fctf7-yx-5r-;Hci3l7S^*>E3»J**m^fi!) 
(ivy^ hDVXA'^^MOC V D^CD^ffl^^^ 

Pb*U 7 ^1r-B*fti:, ^ f4 1) i^7>«g* fe 
/■c*l>*^ *©«#fc«t^TK^Sf«¥^-rBa (Z 
r, Sn, TO 0 3 K#ttlc*S LtztDT&Z. 
' [004 3] Pb (Mg w Nb M ) Oa (PMN) 
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£^©#&TlCiJ<^Tt>^ftMg-0-N bB^m 
£7*3*~> b'ft?*Bftmcto7kftMLtc VllZM g 

n b wMfat Lr^x^btc p MNnam#®m%m 
^zcticzo, m&mmsLi kHz (mu) toss* 

2$W2 5 0 0J^©R^J±^2fS*#r*PMN»«£ 

coo4 4] ?6t x cassia:, mnmvmmum? 

®.tf'bZ < , Stf^&a 100MHz ICfcl^Tfe, Jt8f 

**#2 o o o&±%&L. maaac^Ttwm^y 

[0 0 4 5] J&igJI&JSWiM^-fe^.y^x 
OB a T i 0 3 141 2 0°C, 1 0°C, - 7 0 "CJcfUfcig 

B a T i 0 3 ©T i K^fcZ rI?MS nJg^fcTH 
«tf S C kfc«fc »), 3^tOffl|g^ttSaMifft'>7 h 

^■5©T&-5„ 

[0046] ztcmmtpv^miktmz'hz < lti> 

*>Vh£<&0> 1 0 0MHzW±OKfljatfe^Tt) % 
*$4J±8S*#***-©T*S. : 
[004 7] Pb (Mgw Nb« ) 0 3 (PMN) 

[0 0 4 8] $f» (Pb) offliE Sim 7;b 
3+5/ F*»6«R*tl«*ft< £ fe 1 a®«Bffc^»*R 
. OH, R 2 0C 2 H, OH, R 3 COOH (R, , R 
2 . R 3 : 1 W±07/l/*;b» T»^«ti*»« 
fcS^f*. ecu, »ft^«j««<gfi**^tr«#ic 

[ 0 0 4 9 ] *fcM g , StfN b ©W«£, iiS, 4 

NbfK^W^Mg : Nb=l : 2©^e/HtTR. 0 
H, R 2 0C 2 H, OH, R 3 COOH (R, , R 2 , 

R 3 : gsft 1 u±(D7}i*)im) T^snswdtta 

*5^T6 5 6 cm" tt5£fc^l&£#L, fl&OJ&KttO^F 
[0 0 5 0] I RX-?^h;Hc*5^T6 5 6 cm" 1 ffifi 5C 
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ttx WTO«fc3 4»tt^fea 0 (1) MgfeiO-*NbCD 

ft*fT9 c 1 1 * t) , ^F*3T<0|JJx-r;I/SfS*iSii 
t&ft&e (2) ±I2<DJ:'5{cMgfeJ;0 : NbcD7;l/n 

ft, y-;i,7 $ >f fcftgJns^fM^^t 
10 §73S 0 (3) Mg<D*;b#>^JSi:Nb(3D7;l/3*^ 

'MTZJjm o (4) MgOTfcftffcftfcNb ©7*3*3/ 
K, &-5</HiMg ©7*3*3/ Ft N b ©zkft{fctf©il 
»a»ff t «fc D , #?rtT©fltf7*3-;b£JS£(£ji-r 
(5) »W*#0«tttt*/M < mM©*$ 

*»». /-*7 5 >«ogSfk»j%jsshrrs^ 

ttW«^Sft-&%<0^Tfc*5l>T fcg£4M g - O - 
20 T£S. Ctl6<D5*Tfe, ^Mg-O-Nbf^ 

^wrstt/^^s, (2) feio-* (3) (oftmtfm 

[0 0 5 1] Sfc, ^rtLfc±EMgNb1t*7;l/3* 
*fi*\ fuj£©Mg N b$£7*3*3/ FtfiWUt&LIt 

m g n b v**^***. aJ5Wn*»)»i 

©7*3*3/*g©-^% 7 J<|6g£ { ig| U lil2n/c 
#?F*T©BWc 3&St^t±K7;I/3-;I/SaSfc«tO S 

30 [005 2] ffSLfcPbsu|gftm^i:MgNba^7 
*=!*$/ Kjgifc. ftSl^ttMgNb^l/^Pb : (Mg 
+ Nb) =1 : 1 O^l/ifcTii-a-U, PMNM|gf*}gjt 

[ 0 0 5 3 ] flj« Lit P M NMIg^^^SSLhtcX \> 
[0 0 5 4] ^ii, 3 0 0 — 4 0 0'CfiDafiTl^ra 

0 [0055] m-mummfeommicftzg-em*) 

iiUm 7 5 0-8 5 0fPM*m\ 

mmt-2 iim&rF?&zt,\ znzQmtzztxm®. 

ftlMt^afr^fc^fco. 3 — 1 /im^g$Li/\ 
[00 5 6] CCOi^^PMN^ii, MgNb^7 
*3*3/ K#?*#j8?-S|& Mg^O-'N bO^iSffc-a- 
' ^P^©S^{gji, &^#7;l/3*-> K&TPfcgfcffrr 
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^Tfc, ££&Mg-0-Nb^£W-f3MgNb}g 
£7)la*><b"*-&l$,Z^ C (DM gNb &&Tfr n * 

[0057] com^m-c-m&nrcUgNbwmwm 

*5l/^T^ 6 5 6 cm"' ttifilcM^lf U lg$<DgpgT' 
BX{cn-7>/^l- (MgNbi 0 6 ) ICiE^mmiZft 
1, ^@*Mg-0-Nb|£-a-^^-r^MgNbjS^7 

®Lmm&mit€M m^immm) icMbx^m^ 
*). M g -o-Nb^-a-ATO?n-5ci:*<, pb 

(Mgw Nb M ) Oa fjdmfotfBl&-gn5o 

[oo5 8] c<QPMmmfo®mzmi$L, mmtz 

0, ?unmm<DWiG\a±, w&mm \ kHz (i 
S) witmnrnw 250 ojm±, 1 0 0 mh z m 

fi) ?OltWts(W2 0 0 0JK±, tt£fft$0&£tt& 2 
tf± 1 5%«rt (- 4 0°C~8 5°C) % ffiSft«^5 V/ 

[0 0 5 9] gfcs ±.m<DMgNbm&7)l'a*^}ift 
¥%$&mc])Q7}&B®Mt -5 C »c J: »> » n m*- ^ 
-©MgNb7;WfjS?n, CCO^nm^-^-CDM 
gNb P b (Mgi/i Nb M ) Oa gftflgft 

jw&ssns. c©PMNi9ffi{*»js*^u aua-r 
zctic£i), x&wvmnfommtfmztiZo ante 

[0 0 6 0] fl/T, KJItf2/tinJKTT», M£JBttft 3( 
1 k H z ■pOJtBWMS*' 3 0 0 0JM±, 1 0 0 MH z T* 
0ttBWWW2 5OOJK_hi:*<, *vDfiS«ftt<Dfi# 

[0061] BaTi,^ Z r, S n y 0 3 KMRIc 

[0 0 6 2] *%^<D^«ft:»M(i{i s B a T i ^ 
Z r, Sn, 0 3 t^LfcB^ x y #0 UcfcLfcK 

bfrfeTO&IPi&dtf 0. 1 0-0. 2 5 40 

[0 0 6 3] CCTxty^HltC^tfe«»A-B- 
C-D-E-F-ATfflSnsttHrtfcLfcCtt, 01 
fc*J^T«#B - C - D - E £ o *._h2r»c£3#e-fc 
ttx -2 5~8 5°C{Cfe^T»ttSflCDiaa^ft^± 

J4ttfit**# 1 2 0 0 <fc V fe/J%S < &-Sfr5T-& 
[0 0 6 4] ££,C, S^A-B«fc9t,£fl|fc:2&** 50 
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^ fip-Sx^O. 0 1 *Ot/jx*V^fctt, DC/W 

&T;£»<-&3jf£ > EP^y^O. 0 1 J:Dfe/|NS^«-& 
fcfct, BaTiOa W-TX^CctOit^fl^AM^ 

[0 0 6 5] *58Wtfe^T<±, x«ky^CDM» M 
1 £fctf3$#A-B-D-G-AT?B$ft3g5B|*jfc 

K &G (x, y) It (0. 0 5, 0. 0 1) 

[0066] Sfc % ¥i»SJUiSd«0. 10-0. 2 
5 /x m UfcOti, ¥^ B B H Sg d 0 . 1 0 <fc 0 fc* 

¥J5£AttgdtfO. 2 5^m«t 

«*O|*J:fc^5j«*»6 0. 14-0. 2 5/i mt*$5 
0 CtwaSLK 

[0 0 6 7] *^0R«#ftK4)ltjttt 

0. 3~2/imtfg$U\, 

[0 0 6 8] *^©|fm»^{±, ft<T\ &JRtc«4: 
LTBa, Ti. Zr, Sn^tttS^D^^h 
^Hftit'i&oT, Cft6©lS#* B a T i -, 7 
Z r, S n y 0 3 ^LfcBfCx&tfyOffi^Hi 

[oo6 9] ip-5 x *%w<nmn#.mmit. &&$<dm 

*OW», M«> (0. 0 5-1 Mm ) -eojg 

[0 0 7 0] ^ Ba, Ti, Zr, SnO#M^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]lt is a thin film capacitor which forms an electrode layer in both sides of dielectric 
membrane, respectively, A thin film capacitor which arranging a lower dielectric constant 
object which said dielectric membrane estranges and arranges two or more split high 
dielectric constant bodies, and consists of amorphous Si0 2 among said two or more split 

high dielectric constant bodies, and constituting. 

[Claim 2]The thin film capacitor according to claim 1, wherein current which a capacity 
extraction part is formed in a same side, respectively, and flows through an electrode layer 
into an electrode layer formed in both sides of dielectric membrane is made into an 
opposite direction. 

[Claim 3]A substrate containing capacitor, wherein the thin film capacitor according to claim 
1 or 2 is built in in a substrate. 

[Claim 4]A split high dielectric constant body is a thin film of 2 micrometers or less of 
thickness which consists of a perovskite type multiple oxide crystal which contains Pb, Mg, 
and Nb as a metallic element, Specific inductive capacity in 1 kHz (room temperature) of 
test frequencies is [ specific inductive capacity in 2500 or more and 100 MHz (room 
temperature) ] 2000 or more, And the thin film capacitor according to claim 1 or 2, wherein 
the temperature characteristics of specific inductive capacity are less than (-40 ** - 85 **) 
**15% and percentage reduction of specific inductive capacity at the time of direct-current 
5v/micrometer electric field impression is less than 40%. 

[Claim 5]A split high dielectric constant body is a thin film which consists of a perovskite 
type multiple oxide which contains Ba, Ti, Zr, and Sn as a metallic element, these 
ingredients - BaTi 1 . x . y Zr x Sn y 0 3 - a table - in the bottom, x and y at the time, The thin film 

capacitor according to claim 1 or 2 which exists within limits surrounded by line segment A- 
B-C-D-E-F-A in drawing 1, and is characterized by the average crystal grain diameter d of a 
perovskite crystal being 0.10-0.25 micrometer. 
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( x • y ) 

A (0. 0 1 , 0. 01) 

B (0. 0 1 ,0.0 5) 

C (0, 0 2 5, 0. 0 8) 

D (0. 05 , 0. 0 5) 

E (0. 1 0 * 0. 0 5) 

F (0. 1 0 , 0. 0 1) 



[Claim 6]lt is a thin film capacitor which laminates two or more dielectric membrane and two 
or more electrode layers by turns, A thin film capacitor which arranging a lower dielectric 
constant object which said dielectric membrane estranges and arranges two or more split 
high dielectric constant bodies, and consists of amorphous Si0 2 among said two or more 

split high dielectric constant bodies, and constituting. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Especially this invention relates to the thin film capacitor of low 
inductance [ large scale ] which is allocated in the electric circuit which carries out high- 
speed operation about a thin film capacitor and a substrate containing capacitor and with 
which the object for the bypass of a high frequency noise or change prevention of power 
supply voltage is presented, and the substrate having this thin film capacitor. 
[0002] 

[Description of the Prior Art]The demand corresponding to a miniaturization, slimming 
down, and high frequency etc. is becoming strong with the miniaturization of electronic 
equipment, and advanced features also at the electronic parts installed in electronic 
equipment. In the high-speed digital circuit of the computer which needs to be processed at 
high speed, especially a lot of information. The clock frequency of 100 MHz to hundreds of 
MHz and the bus between chips also has [ the clock frequency in a CPU chip ] 30 to 75 
MHz, and improvement in the speed remarkable also in a personal computer level including 
a mainframe. 

[0003]ln order for the degree of location of LSI to increase and to stop power consumption 
along with increase of the element number in a chip, power supply voltage is in the 
tendency of a fall. It is becoming indispensable that also combine passive components, 
such as a capacitor, with small large scale-ization in connection with improvement in the 
speed of these IC circuits, densification, and voltage lowering, and the characteristic 
outstanding to high frequency or a high-speed pulse is shown. 

[0004]ln order to make a capacitor into small high capacity, it is most effective to make thin 
the dielectric pinched by the electrode of the couple and to thin-film-ize it. Thin film-ization 
conforms also to the tendency of a fall of the voltage mentioned above. On the other hand, 
many problems in accordance with the high-speed operation of an IC circuit are problems 
much more more serious than the miniaturization of each element. Among these, in the 
removing function of the high frequency noise which is a role of a capacitor, especially 
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becoming important is a function reduced by supplying the energy accumulated in the 
capacitor in the momentary fall of the power supply voltage produced when the 
simultaneous change of a logic circuit occurs simultaneously in an instant. It is what is 
called a decoupling capacitor. 

[0005]The performance required of a decoupling capacitor is to the current variation of a 
load section quicker than a clock frequency to be able to supply [ how ] current quickly. 
Therefore, it must function from 100 MHz certainly as a capacitor to the frequency domain 
at 1 GHz. However, a actual capacitor element has a resistance component and inductance 
component other than an electrostatic capacity component. The impedance of a capacity 
component decreases with the increase in frequency, and an inductance component 
increases with the increase in frequency. 

[0006]That is, if electric capacity of a capacitor is set to C and inductance is set to L, the 

resonance frequency of this element can be written to be f Q =1/(2 pi (CL) 1/2 ), and the 

impedance in resonance frequency will give the resistance component R. At f<f Q , this 

element is served as a capacitor of the source of charge supply, conversely, by f>f Q , it will 

act as inductance and this element itself will be a source of release of a high frequency 
noise. For this reason, the inductance which the capacitor element itself has will restrict the 
transient current which should be supplied, and will generate the instant fall of the power 
supply voltage by the side of a logical circuit, or a new voltage voice as the clock frequency 
of IC becomes high. The error on a logical circuit will be caused as a result. 
[0007]ln order that especially the latest LSI may suppress the power consumption increase 
by increase of the total element number, power supply voltage is falling, and the acceptable 
variation range of power supply voltage is also small. Therefore, in order to hold down the 
voltage variation range at the time of high-speed operation to the minimum, the inductance 
which the decoupling capacitor element itself has is decreased, and to have f in the high 

frequency side rather than the clock frequency of IC is desired. 

[0008]Although it is known that it will be dependent on electrode structure or its size and the 
inductance of a capacitor needs optimization of electrode shape and the high-frequency- 
current distribution which flows through that, there is a limit also in it. Considering the 
decoupling capacitor as a supply source of an electric charge, in order to make not only low 
inductance but a voltage variation as small as possible, large scale is required. 
[0009] However, if capacity is only enlarged so that he can understand from the above- 
mentioned formula, f Q will become small and the function as a capacitor in high frequency 

will deteriorate. Although C must be made small from a viewpoint of a high frequency 
characteristic, as a source of charge supply corresponding to the instant fall of power 
supply voltage, large scale is required, and if this antimony is not solved, realization of the 
decoupling capacitor which can respond to the clock frequency up to 1 GHz is difficult. 
[0010]By the way, three kinds of methods of decreasing inductance are considered. They 
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are the way the 1st makes the length of a current route the minimum, the method of making 
the 2nd current route loop structure and making loop disconnection area the minimum, and 
the method of the 3rd distributing a current route to n pieces, and setting effectual 
inductance to 1/n. 

[0011]The 1st method makes the capacity per unit area increase, should just attain a 
miniaturization, and can attain a capacitor element thin-film-izing and by miniaturizing. 
There is JP, 60-9471 6,A as an example which thin-film-ized dielectric thickness to 1 
micrometer or less in order to obtain a capacitor with a good high frequency characteristic 
with large scale. 

[0012]What is necessary is just to keep it from making a uniform direction the direction of 
current which flows into the electrode plate or electrode layer of the couple which forms a 
capacitor as much as possible, since the 2nd method is an effect which carries out offset 
reduction of the magnetic field which one current route forms by the magnetic field which 
approaching another current route forms. 

[0013]ln the 3rd method, while low inductance-ization can be attained by carrying out 
multiple connection of the capacitor divided into a large number, low impedance-ization is 
realizable. The capacity of each divided capacitor is small and resonance frequency f 

which shows a high frequency characteristic can be enlarged, this - literature (Vol.37, IEEE 
Transcations on Electromagnetic Compatibility, and NO.2 (1995) besides T. H. Hubung.) 
155) it is alike, it also sets and proves theoretically and experimentally in the example which 
has arranged many chip capacitors to the printed circuit board of the bus between chips. 
[0014]What is indicated by U.S. Patent4,853,827 is known as what utilized the 3rd method 
of the above. . Inserted many dielectric pellets into this by the electrode of the couple, and 
the gap between pellets was filled up with resin of the lower dielectric constant. The 
capacitor of large scale and low inductance is indicated, and the thickness of a dielectric 
layer inserts disc-like bulk ceramics [ in 0.3 mm ] (specific-inductive-capacity =15000) 0.51 
mm in diameter in 100-piece inter-electrode, By filling up the gap with low permittivity resin, 

the low inductance capacitor of effective capacity 312 nF/sq.-in. (=0.4836 nF/mm 2 ) is 

obtained. 

[0015] 

[Problem(s) to be Solved by the Invention] However, since thickness uses not less than 
hundreds of micrometers bulk ceramics, Even if it uses dielectric materials with big specific 

inductive capacity, the maximum of effective capacity is at most 1 nF/mm 2 , since one more 
pair of inter electrode distances are hundreds of micrometers, cannot use the 2nd above- 
mentioned method and cannot attain low inductance-ization by the effect of a mutual 
inductance. 

[0016]As a low dielectric constant material, since resin is used, dielectric loss is large and is 
not preferred from a viewpoint of low-resistance-izing of a capacitor element. That noise 
rejection capability improves by making inter electrode distance of a decoupling capacitor 
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small, and thin-film-izing it (1 micrometer or less), the simulation proves theoretically (Z. 
Wu, Y. Chen, and J. Fang, and Proc. Electron. Compo. Conf. 44 --) [ th and (1994) ] p. 
945. - the specific inductive capacity of an inter-electrode dielectric - at most - it is a 
simulation to 25 and there is no description about the capacity of several 10 to several 100 
which should correspond to a high integration circuit nF(s). 

[0017]Although there are JP,4-211191,A and JP,8-88318,A as an example using a thin- 
film-dielectrics layer, The capacity per unit area of a capacitor is the maximum, 4 nF/mm 2 
and the structure of giving low inductance although it is large do not become, and high 
enough resonance frequency cannot be taken. 

[0018]in the present laminated chip capacitor -- the value of realizable inductance - at most 
- it is 100pH and, as for resonance frequency f capacity is set to about 50 MHz with the 

decoupling capacitor of 100nF. So, in order to correspond to a 1-GHz high-speed digital 
circuit from hundreds of MHz of future, the decoupling capacitor of the level of tens of or 
less pH is needed for inductance at least. 

[0019]The same technical problem exists also in the type with which it is equipped in a 
package or a multilayer substrate. The method of attaining low inductance-ization of a 
capacitor has three kinds of methods, as mentioned above, but. the above - using the 
dielectric membrane which shows high specific inductive capacity also in hundreds of MHz 
for attaining large low inductance-ization, 1) An electrode area is made small, it is 
necessary to make into an opposite direction the current which flows into the electrode 
which carries out 2 confrontations, and to realize structure which shortens the current route 
as much as possible, and resonance frequency needs to be not less than 100 MHz with 3 
parallel block construction. 

[0020]ln the ferroelectric which is represented by barium titanate on the other hand and in 
which it has spontaneous magnetization and high specific inductive capacity is shown, The 
fact that the specific inductive capacity decreases according to thin-film-izing is clarified 
these days, in barium titanate or PZT, specific inductive capacity is at most about [ 1000 or 
less ], and there is a limit also from a viewpoint of high capacity at 1 micrometer or less of 
thickness. 

[0021 ]lt is known for the ferroelectric with high specific inductive capacity of 1000 or more 
that it becomes impossible for the macroscopic spontaneous polarization to answer high 
frequency, and the frequency dispersion (specific inductive capacity should decrease 
substantially with frequency) in not less than tens of MHz is shown. Since the noise in a 
high-speed digital IC circuit contains the high frequency component covering a wide 
bandwidth, it may be unable to achieve the function as a normal source of charge supply 
with the material in which the dielectric dispersion in high frequency is shown. 
[0022]This invention is the large scale which can respond to a 1-GHz high-speed digital 
circuit from hundreds of MHz, and an object of this invention is to provide the thin film 
capacitor and substrate containing capacitor of low inductance. 
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[0023] 

[Means for Solving the Problem]A thin film capacitor of this invention is a thin film capacitor 
which forms an electrode layer in both sides of dielectric membrane, respectively, A lower 
dielectric constant object which said dielectric membrane estranges and arranges two or 
more split high dielectric constant bodies, and consists of amorphous Si0 2 among said two 

or more split high dielectric constant bodies is arranged, and it is constituted. It is desirable 
to make into an opposite direction current which a capacity extraction part is formed in a 
same side, respectively, and flows through an electrode layer into an electrode layer 
formed in both sides of dielectric membrane here. 

[0024]As for a substrate containing capacitor of this invention, the above-mentioned thin 
film capacitor is built in in a substrate. 

[0025]The above-mentioned split high dielectric constant body is a thin film of 2 
micrometers or less of thickness which consists of a perovskite type multiple oxide crystal 
which contains Pb, Mg, and Nb as a metallic element, Specific inductive capacity in 1 kHz 
(room temperature) of test frequencies is [ specific inductive capacity in 2500 or more and 
100 MHz (room temperature) ] 2000 or more, and the temperature characteristics of 
specific inductive capacity are less than (-40 ** - 85 **) **15%, and it is desirable for 
percentage reduction of specific inductive capacity at the time of direct-current 
5v/micrometer electric field impression to be less than 40%. 

[0026]A split high dielectric constant body is a thin film which consists of a perovskite type 
multiple oxide which contains Ba, Ti, Zr, and Sn as a metallic element, these ingredients 
BaTi 1 x y Zr x Sn y 0 3 - a table - in the bottom, x and y at the time, It is within limits 

surrounded by line segment A-B-C-D-E-F-A in drawing 1 , and it is desirable for the average 

crystal grain diameter d of a perovskite crystal to be 0.10-0.25 micrometer. 

[0027] 
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A thin film capacitor of this invention is a thin film capacitor which laminates two or more 
dielectric membrane and two or more electrode layers by turns, A lower dielectric constant 
object which said dielectric membrane estranges and arranges two or more split high 
dielectric constant bodies, and consists of amorphous Si0 2 among said two or more split 

high dielectric constant bodies is arranged, and it is constituted. 
[0028] 

[Function]The thin film capacitor of this invention is a decoupling capacitor which uses the 
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voltage plane and ground layer in a package or a multilayer interconnection board as one 
pair of electrodes, for example. 

By dividing a dielectric layer, large scale and low inductance can be realized simultaneously 
and an effect remarkable in the delta I noise reduction of an ultra high-speed IC circuit can 
be expected. 

[0029]Since low permittivity resin was filled up with the above-mentioned USP4, 853,827 
between dielectrics, in it, there was a problem that dielectric loss was large and followed 
great energy loss on the charge supply to IC, but. In this invention, by using low-loss lower 
dielectric constant amorphous Si0 2 for restoration between division dielectrics, Since low 

dielectric loss, i.e., low resistance, is realizable while being able to make small the leakage 
of the electric flux density of a split high dielectric constant body, being able to increase the 
multiple connection effect of a division capacitor and being able to improve low inductance- 
ization, the function as a decoupling capacitor can be improved substantially. 
[0030]And since the dielectric membrane which could increase and moreover described 
capacity above by using the thing of the above-mentioned predetermined presentation as a 
split high dielectric constant body of a thin film capacitor has the small frequency 
dependence of specific inductive capacity, Also in a high frequency region, it can have high 
specific inductive capacity, and the capacity in a high frequency region can be increased. 
[0031]Therefore, the thin film capacitor of this invention can attain high capacity, low 
inductance, and low resistance. 
[0032] 

[Embodiment of the lnvention]The specific inductive capacity of the split high dielectric 
constant body in which the thin film capacitor of this invention has high specific inductive 
capacity of 1000 or more between the voltage plane on a substrate and a ground layer, and 
the shape which encloses it consists of a portion of the lower dielectric constant object of 4. 

[0033]The example of basic constitution of the thin film capacitor of this invention is shown 
in drawing 2. In this drawing 2, it is provided in the upper surface of the substrate 1 by the 
electrode layer 2 as a ground layer, and on the upper surface of this electrode layer 2. As 
shown in drawing 3, the split high dielectric constant body 3 of the plurality [ plane shape ] 
of rectangular form is arranged in the state where it was estranged mutually, and the lower 
dielectric constant object 4 which becomes a crevice between these split high dielectric 
constant body 3 from amorphous Si0 2 is formed. The interval between split high dielectric 

constant body 3 shall be 50-200 micrometers, and is desirable from the point of separation 
of electric flux density. [ of 100-200 micrometers ] 

[0034]The dielectric membrane 10 is constituted by two or more split high dielectric 
constant bodies 3 and the lower dielectric constant object 4 filled up with between these. As 
shown in drawing 1, the electrode layer 5 as a voltage plane is formed in the upper surface 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_\veb_cgi_ejje?atw_u=http%3A%2F%2Fwww... 5/21/2008 



JP,1 0-335 178,A [DETAILED DESCRIPTION] 



Page 7 of 20 



of the dielectric membrane 10. The capacity extraction parts 6 and 7 are formed in the 
electrode layer 5 and the electrode layer 2 at one at the same side, respectively. 
Let the current i which flows through the electrode layer (ground layer) 2 and the electrode 
layer (voltage plane) 5 be an opposite direction. 

If the capacity extraction parts 6 and 7 which achieve connection with a power supply circuit 
are external capacitors, a vamp will be formed with solder and they will be connected to an 
external circuit, for example. As long as it is substrate built-in, connection by a beer hall 
may be sufficient. 

[0035]ln order to obtain the decoupling capacitor of low inductance with large scale, As 
shown by drawing 2 , when the capacitor element which set C and inductance to L, set 
resistance to R for the capacity of the capacitor by the divided split high dielectric constant 
body portion, and connected them to n piece parallel is considered, the impedance of this 
capacitor element is Z=1/by easy electric circuit analysis. [N/R-j/omega(L/n) +jomega (nC)] 
Being able to write, the effective capacity of this capacitor element serves as nC, effective 
inductance serves as L/n, and effective resistance serves as R/n. Resonance frequency is 

1/2 

1/2pi(LC) . That is, if a multiple connection element which is given by drawin g 2 is 
realized, it has very high resonance frequency with large scale, and the decoupling 
capacitor which can respond to the clock frequency from 100 MHz to 1 GHz can be made. 
[0036]As a substrate material used by this invention, alumina, sapphire, a MgO single 
crystal, A SrTi0 3 single crystal, lower dielectric constant crystallized glass, AIN, Or plastic 

resin, thin film titanium covering silicon, or copper (Cu), Although nickel (nickel), titanium 
(Ti), tin (Sn), a stainless steel (Fe) thin film, or sheet metal is desirable, If reactivity with a 
thin film is small, it is cheap, and intensity is large, and alumina and sapphire are desirable 
from the point of the crystallinity of the metal thin film formed on a substrate and the lower 
electrode itself is chosen as a substrate on the other hand, Copper (Cu) sheet metal or a 
copper (Cu) thin film is desirable in respect of low-resistance-izing in a high frequency 
region. 

[0037]The electrode which sandwiches the dielectric membrane of this invention has 
platinum (Pt), gold (Au), palladium (Pd), a copper (Cu) thin film, etc., for example, and 
platinum (Pt) and its golden (Au) thin film are the optimal also among these. Since reactivity 
with a dielectric is small and cannot oxidize easily, Pt and Au are because a lower dielectric 
constant phase is hard to be formed in an interface with a dielectric, electrode formation — 
sol - although there are gel, weld slag, CVD, vacuum evaporation, metallizing, etc., low- 
temperature composition is possible and vapor phase synthetic methods, such as the 
magnetron sputtering method which can deter a reaction with dielectric membrane, are 
desirable. 

[0038]although a lower dielectric constant object consists of amorphous Si0 2 , for being 

filled up between split high dielectric constant body layers - sol - although there are 
methods, such as gel, weld slag, CVD, and vacuum evaporation, it is desirable for vapor 
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phase synthetic methods, such as the magnetron sputtering method which can deter a 
reaction with a high permittivity body whorl, to adopt. 

[0039]As for the thickness, be [ what is necessary / just although it has high permittivity in a 
high frequency region as a split high dielectric constant body ], 1 micrometer or less is 
desirable. Dielectric membrane is a thin film of 2 micrometers or less of thickness which 
consists of a perovskite type multiple oxide crystal which contains Pb, Mg, and Nb as a 
metallic element, and the specific inductive capacity in 1 kHz (room temperature) of test 
frequencies is [ the specific inductive capacity in 2500 or more and 100 MHz (room 
temperature) ] 2000 or more. 

And the temperature characteristics of specific inductive capacity are less than (-40 ** - 85 
**) **15%, and that whose percentage reduction of the specific inductive capacity at the 
time of direct-current 5v/micrometer electric field impression is less than 40% is desirable. 

[0040]lt is the dielectric membrane which consists of a perovskite type multiple oxide which 

contains Ba, Ti, Zr, and Sn as a metallic element as other examples of dielectric 

membrane, these ingredients - BaTi, Zr Sn CL - a table - in the bottom, x and y at the 

57 1-x-y x y 3 7 

time, It is within limits surrounded by line segment A-B-C-D-E-F-A in drawing 1, and that 

whose average crystal grain diameter d of a perovskite crystal is 0.10-0.25 micrometer is 

also used. 

[0041]Although especially the dielectric membrane above-mentioned in this invention is 
desirable, it may be dielectric membrane, such as PZT except having described above, 
PLZT, BaTiOg, SrTi0 3 , and Ta 2 O s , and is not limited in particular. Such a dielectric layer is 

produced by publicly known methods, such as PVD, a CVD method, and a sol gel process. 
[0042]The reason the dielectric membrane of the presentation expressed with the above- 
mentioned Pb-Mg-Nb system and BaTL Zr Sn 0 0 is desirable, Since it does not have 

J 1-x-y x y 3 

macroscopic spontaneous polarization, the dielectric dispersion in high frequency is small, 
and it is because it was predicted theoretically that high specific inductive capacity is shown 
by fluctuation of the ion arrangement in a nano meter scale. In order to produce as a thin 
film gestalt, without changing the structure fluctuation of the nano meter scale in these bulk 
gestalt, Vapor phase synthetic methods, such as a sol gel process which can control the 
ion arrangement in composition ratio and a nano-scale from the stage in early stages of 
material composition or magnetron sputtering, and MOCVD, are the optimal. Therefore, 
what is called a Pb system relaxer dielectric that takes polarized structure in a local nano 
meter scale although it does not have macroscopic spontaneous polarization in bulk 
ceramics as a thin film candidate material, Its attention was paid to the Ba(Zr, Sn, Ti) O q 

system material in which a high dielectric constant is shown by coexistence of a phase 
although it did not have spontaneous polarization after all. 

[0043]When producing a Pb(Mg Nb_) O (PMN) thin film, The MgNb complex alkoxide 
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molecule which has a stable Mg-O-Nb combination under existence of the organic metallic 
compound which has other nucleophilicity, Or by using the PMN precursor solution which 
compounded the MgNb complex alkoxide molecule using the sol hydrolyzed selectively as 
a MgNb precursor, the dielectric constant in 1 kHz (room temperature) of test frequencies 
can produce the PMN thin film which has high specific inductive capacity of 2500 or more. 
[0044]The frequency dependence of a dielectric constant is small, also in 100 MHz of test 
frequencies, specific inductive capacity shows 2000 or more, and this thin film has it as a 
thin film capacitor material also in high frequency. [ useful ] 

[0045]On the other hand, as for BaTi0 3 of a single crystal or bulk ceramics, a phase 

transition point exists in 120 ** and 10 **-70 **, and it is just going to be known well that 
specific inductive capacity will become high in the neighborhood. In the dielectric 
membrane of this invention, by replacing the Ti atoms of BaTiO by Zr atom and Sn atom, 

O 

when the phase transition point of three points is shifted near a room temperature and three 
kinds of phase transition peaks lap at a room temperature, high specific inductive capacity 
is realized. That is, the coexistence effect of the phase in a nano meter scale is realized 
also in the thin film gestalt. 

[0046]When the average crystal grain diameter in a thin film is made small, in order to 
change from strong dielectric character to usual state dielectric character, decline in the 
specific inductive capacity in the state where it required direct current voltage although 
some specific inductive capacity fell is controlled, and DC bias characteristics become 
good. In order that the spontaneous polarization which is the origin of ferroelectricity may 
moreover disappear, the frequency dispersion of the specific inductive capacity resulting 
from spontaneous polarization becomes small, and big specific inductive capacity is shown 
also in not less than 100-MHz high frequency. 

[0047]Production of a Pb ( M g 1/3 N b 2/3 ) 0 3 (PMN) thin film is explained. 

[0048]At least one sort of lead compounds first chosen from leaden (Pb) organic acid salt, 
mineral salt, and an alkoxide R. OH, It mixes to the solvent shown by R 0 OC 0 H. OH and 

1 '224 

R 3 COOH (R v R 2 , R 3 : with a carbon numbers of one or more alkyl group). When a lead 

compound contains crystal water at this time, dehydrating treatment is carried out so that 
water may not exist in produced Pb precursor solution. 

[0049]Next, the organic acid salt of Mg and Nb, mineral salt, at least one sort of Mg 
compounds chosen from an alkoxide, Nb compound is mixed to the solvent shown by the 
mole ratio of Mg:Nb=1:2 by R 1 OH, R 2 OC 2 H 4 OH, and R 3 COOH (R r R 2 , R 3 : with a carbon 

numbers of one or more alkyl group). The MgNb complex alkoxide molecule which 

performs predetermined operation after mixing, has absorption near 656-cnrf 1 in an IR 
spectrum, and has a stable Mg-O-Nb combination under existence of the organic metallic 
compound of other nucleophilicity is compounded. 

[0050]ln order to obtain the MgNb complex alkoxide molecule which has absorption near 

http://www4.ipdl Jnpit.go jp/cgi-bin/tran_web^ 5/21/2008 



JP,1 0-335 178,A [DETAILED DESCRIPTION] 



Page 10 of 20 



656-crrf in an IR spectrum, there are the following methods. (1) How to promote the 
deether reaction in intramolecular by mixing the alkoxide raw material of Mg and Nb to a 
solvent, and raising the temperature of a solution till the boiling point of a solvent, for 
example, performing reflux operation under coexistence of the catalyst of acid etc. (2) How 
to add the stabilizing agent represented by an acetic anhydride, ethanolamine, etc. after 
mixing the alkoxide raw material of Mg and Nb to a solvent as mentioned above, raising the 
temperature of a solution till the boiling point of a solvent and performing composite-ization 
by reflux operation. (3) How to promote the deester reaction in intramolecular by the reflux 
operation of carboxylate of Mg, and the alkoxide of Nb. (4) Promote the dealcoholization 
reaction in intramolecular by the reflux operation of hydroxide of Mg, the alkoxide of Nb or 
the alkoxide of Mg, and hydroxide of Nb. (5) How to add stabilizing agents, such as the 
above-mentioned acetic anhydride and ethanolamine, in order to make nucleophilicity of a 
lead precursor small. By using one technique of more than, the MgNb complex alkoxide 
molecule which has a stable Mg-O-Nb combination under existence of other nucleophilicity 
organic metallic compounds is compoundable. The point of having a stable Mg-O-Nb 
combination also among these to the method of of (2) and (3) is desirable. 
[0051]The mixed solution of water and a solvent is made under ** the compound above- 
mentioned MgNb complex alkoxide solution, partial hydrolysis is performed, and the MgNb 
sol in which the above-mentioned MgNb complex alkoxide carried out the polycondensation 
is made to form. Partial hydrolysis is the method of replacing a part of alkoxyl group of 
intramolecular by a hydroxyl group, and carrying out a polycondensation by drying or the 
dealcoholization reaction in the replaced intramolecular. 

[0052]Produced Pb precursor solution, a MgNb complex alkoxide solution, or MgNb sol is 
mixed by the mole ratio of Pb:(Mg+Nb) =1:1, and it is considered as a PMN precursor 
solution. 

[0053]The produced PMN precursor solution is formed with techniques, such as a spin coat 
method, a dip coating method, and a spray method, on a substrate. 
[0054]Heat treatment is performed for 1 minute at the temperature of 300-400 ** after 
membrane formation, the organic matter which remained in the film is burned, and it is 
considered as a gel film. As for 1 time of thickness, 0.1 micrometer or less is desirable. 
[0055]After repeating membrane formation-heat treatment until it becomes predetermined 
thickness, it calcinates at 750-850 **, and the dielectric membrane of the crystalline 
substance of this invention is produced. Although the thickness of the obtained dielectric 
membrane is 2 micrometers or less, it is because capacity will become small when a 
routing counter increases and a capacitor is constituted if it becomes thicker than this. Its 1 
micrometer or less is desirable in respect of the ease of manufacture, and membraneous 
degradation, and especially when the thickness of dielectric membrane takes membranous 
insulation into consideration further, its 0.3-1 micrometer is desirable. 
[0056]Also in the bottom of existence of other nucleophilicity organic metallic compounds 
using the technique of stabilizing the promotion of a reaction between the metallic 
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compounds of Mg and Nb, and a complex alkoxide molecule, when such a PMN thin film 
compounds a MgNb complex alkoxide molecule, The feature is that is made to compound 
the MgNb complex alkoxide which has a stable Mg-O-Nb combination, and mixes the 
solution and Pb precursor solution containing this MgNb complex alkoxide molecule, and it 
compounds a Pb ( M 9 1/3 Nb 2/3) ° 3 precursor solution. 

[0057]The MgNb precursor solution obtained by such a technique, In an infrared absorption 

spectrum (the following, IR spectrum), it has absorption near 656-cm" 1 , The MgNb complex 
alkoxide molecule which already has the structure near a cholane byte (MgNb 2 O e ) in the 

stage of a solution and which has a firm Mg-O-Nb combination is formed. For this reason, a 
Pb(Mg 1/3 Nb 2/3 ) 0 3 precursor is formed, without being stable and destroying Mg-O-Nb 

combination to other nucleophilicity organic metallic compounds (for example, lead 
acetate). 

[0058]The dielectric membrane of this invention is obtained by applying and calcinating this 
PMN precursor solution. In the case of a PMN thin film, the specific inductive capacity in 1 
kHz (room temperature) of test frequencies by this 2500 or more. In the temperature 
characteristics of 2000 or more and specific inductive capacity, the percentage reduction of 
the specific inductive capacity at the time of direct-current 5v/micrometer electric field 
impression will be [ the specific inductive capacity in 100 MHz (room temperature) ] less 
than 40% less than (-40 ** - 85 **) **15%. 

[0059]By carrying out hydrolysis treatment of the above-mentioned MgNb complex alkoxide 
molecule selectively, the MgNb sol of several nanometer order is formed and the Pb 
(Mg 1/3 Nb 2/3 ) 0 3 precursor containing the MgNb sol of several of this nanometer order is 

formed. The dielectric membrane of this invention is obtained by applying and calcinating 
this PMN precursor solution. Thereby, the same characteristic as the above is obtained. 
[0060]ln thickness, the specific inductive capacity in 1 kHz of test frequencies at 2 
micrometers or less 3000 or more [ and ]. When the specific inductive capacity in 100 MHz 
pinches the dielectric membrane which consists of a good perovskite type multiple oxide of 
temperature characteristics as highly as 2500 or more by the electrode of a couple, the thin 
film capacitor of high permittivity can be obtained. 
[0061 ]A BaTi 1 x y Zr x Sn y 0 3 system thin film is explained. 

[0062]As for the dielectric membrane of this invention, when expressed ** and BaTi 1 

Zr Sn O x and y have the relation shown in drawing 1, and moreover, the average 

y x y o 

crystal grain diameter d satisfies 0.10-0.25 micrometer. 

[0063]x and y carried out here within the limits surrounded by line segment A-B-C-D-E-F-A 
shown in drawing 1 because the temperature change rates of electric capacity became 
larger than **8% in -25-85 ** in being up rather than line segment B-C-D-E in drawi ng 1. 
When it is on the right of line segment E-F, it is because x becomes smaller than 1200 in 
specific inductive capacity in being larger than 0.10. 
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[0064]lt is because the rate of change of the specific inductive capacity to a DC bias has x 
in the tendency which becomes larger than 30% in being smaller than 0.01 when it is on the 
left of line segment A-B namely. It is because y is in the tendency for specific inductive 
capacity to become small according to the size effect of BaTiCL further again in being 

smaller than 0.01 when it is caudad rather than line segment F-A namely. 
[0065]ln this invention, it is desirable from the point that it has large specific inductive 
capacity that there is relation between x and y within limits surrounded by line segment A- 
B-D-G-A in drawing 1 , and it improves the temperature characteristics and DC bias 
characteristics of electric capacity. Here, the points G (x, y) are (0.05, 0.01). 
[0066]The average crystal grain diameter d was 0.10-0.25 micrometer because the average 
crystal grain diameter d had small specific inductive capacity when smaller than 0.10, and 
the temperature characteristics also worsened. It is because the rate of change of the 
specific inductive capacity to a DC bias will become large if the average crystal grain 
diameter d becomes larger than 0.25 micrometer. As for the average crystal grain diameter 
d, it is desirable that it is 0.14-0.25 micrometer from the point of improvement in specific 
inductive capacity. 

[0067]As for the thickness of the dielectric membrane of this invention, 0.3-2 micrometers is 
desirable especially 5 micrometers or less from a viewpoint of insulation-proof and 
membranous homogeneity. 

[0068]The dielectric membrane of this invention is a perovskite type multiple oxide which 
contains Ba, Ti, Zr, and Sn as a metallic element first, The value of x and y when these 
ingredients are expressed as BaTi Zr Sn O, produces the raw material solution within 

the limits surrounded by the line segment of drawing 1 , After applying this solution on a 
substrate, heat treatment desiccation is carried out, spreading and heat treatment are 
repeated, and it is obtained by forming and calcinating the film of desired thickness. 
[0069]That is, the dielectric membrane of this invention has a desirable thing in which 
control of the crystal grain diameter in control of a presentation of each ingredient, 
thickness, and a particle field (0.05-1 micrometer) is comparatively easy and to form by the 
following methods. 

[0070]First, an organic metallic compound like Ba, Ti, Zr, the organic acid salt containing 
each metal ion of Sn, mineral salt, or a metal alkoxide is used as a starting material, It 
mixes so that the range of x and y in BaTi^ y Zr x Sn y 0 3 may serve as a presentation with 

which it is satisfied of within the limits of the line segment of d rawin g 1, and a raw material 
solution is prepared. Next, this raw material solution is applied on a substrate. Spreading of 
a solution can be performed by various methods, such as spin coating and dip coating. It 
may prepare at the presentation of** and a request to produce independently a Ba(Ti, Zr) 
0 3 and Ba(Ti, Sn) 0 3 solution, and apply it by turns. 

[0071]Next, in order to remove an organic matter from the coat applied on the substrate in 
this way, heat treatment is performed for 5 seconds - 2 minutes at 200-600 ** in the 
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atmosphere, and after this, in order to crystallize, heat treatment for crystallization is 
performed for 30 seconds - 10 minutes at 700-900 ** in the atmosphere. The dielectric 
membrane of desired thickness is obtained by repeating a series of processes of these 
spreading - heat treatment for crystallization, In order to obtain the average crystal grain 
diameter of 0.10-0.25 micrometer finally, 3-hour calcination for 10 minutes - is performed at 
1050-1140 ** in an oxygen containing atmosphere, and the dielectric membrane of 5 
micrometers or less, for example, this invention of 0.3-2 micrometers of thickness, is 
obtained. An average crystal grain diameter is controllable by calcination temperature or 
firing time. 

[0072]ln this invention, although Sr, Ca, Na, etc. may mix at 1 or less % of the weight as an 
inevitable impurity, it is uninfluential in the characteristic. 

[0073]Ba(Ti, Zr) 0 3 and Ba(Ti, Sn) 0 3 other than the crystal phase to which the obtained 

dielectric membrane is expressed with BaT^ x y Zr x Sn y 0 3 may deposit. 

[0074]ln such a BaT^ x y Zr x Sn y 0 3 system thin film. By carrying out specified quantity 

substitution of the Ti atoms of BaTi0 3 by Zr atom and Sn atom, when the phase transition 

point of three points is shifted near a room temperature and three kinds of phase transition 

peaks lap at a room temperature, high specific inductive capacity is realized. 

[0075]ln BaTi 1 A Zr A 0 3 and BaTi^SrigOg. Since the phase transition points of three points 

differ to the same amount of B site substitution, temperature characteristics become good 
by adjusting x and y in BaTi Zr Sn O maintaining high permittivity. 

i ~ x~y x y o 

[0076]Since paraelectrics character appears in ferroelectric character when the average 
crystal grain diameter in a thin film is furthermore made fine, decline in the specific 
inductive capacity in the state where it required direct current voltage although some 
specific inductive capacity fell is controlled, and DC bias characteristics become good. 
[0077]Also in a high frequency region like 100 MHz (room temperature) of test frequencies, 
in order that the spontaneous polarization which is the origin of ferroelectricity may 
disappear, the frequency dispersion of the dielectric constant resulting from spontaneous 
polarization becomes small, and also in a high frequency region, it has big specific 
inductive capacity further again. 

[0078]Namely, in the ceramic condenser of this invention the specific inductive capacity of 
dielectric membrane, It is 1200 and 1100 or more in 1 kHz of test frequencies, and 100 
MHz, respectively, Since the temperature characteristics of electric capacity and the 
percentage reduction (DC bias characteristics) of the electric capacity satisfy the B 
weighting in the JIS of a capacitor, and according to direct-current-voltage impression are 
as small as less than 30% at the time of a 5v/micrometer applied electric field, Not only in a 
low frequency wave, the ceramic condenser outstanding as a capacitor for high frequency 
circuits, such as an IC like a bypass capacitor or a decoupling capacitor, can be obtained. 
[0079]Although drawing 2 indicated the single plate type thin film capacitor, of course in the 
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invention in this application, it may be a thin film capacitor of the lamination type which is 
not limited to this and formed two or more dielectric membrane and two or more electrode 
layers by turns. 
[0080] 

[Example]First, the dielectric membrane which consists of Pb ( M 9 1/3 Nb 2/3) °y and the 
dielectric membrane with which it is expressed as BaTi 1 x y Zr x Sn y 0 3 were produced, and 
the characteristic was measured. 

[0081]** Weighing of production acetic acid Mg and Nb ethoxide of dielectric membrane 
which consist of Pb ( M 9 1/3 Nb 2 /3) ° 3 is carried out by the mole ratio of 1:2, Reflux operation 

(it is 24 hours at 124 **) was performed in 2-methoxyethanol, and the MgNb complex 
alkoxide solution (Mg=4.95mmol, Nb10.05mmol, 2-methoxyethanol 150mmol) was 
compounded. Next, the 2-methoxyethanol of lead acetate (anhydride) 15mmol and 
150mmol was mixed, and Pb precursor solution was compounded by the distillation 
operation in 120 **. 

[0082]The MgNb precursor solution and Pb precursor solution were mixed so that it might 
be set to mole-ratio Pb:(Mg+Nb) =1:1, and it agitated enough at the room temperature, and 
the Pb ( M 9 1/3 Nb 2 /3) 0 3 ( PMN ) precursor solution was compounded. The concentration of 

this solution was diluted with 2-methoxyethanol about 3 times, and it was considered as the 
coating solution. 

[0083]Next, after applying and drying said coating solution by a spin coater on the silicon on 
sapphire in which the 1st electrode layer was formed, it heat-treated for 1 minute at 300 **, 
and the gel film was produced. After repeating operation of spreading-heat treatment of a 
coating solution, calcination for 1 minute (inside of the atmosphere) was performed at 830 
**, and the Pb(Mg 1/3 Nb 2/3 ) 0 3 thin film was obtained. 

[0084]The concentration of this solution was diluted with 2-methoxyethanol about 3 times, 
and it was considered as the coating solution. After Pt (1 1 1) used as an electrode made the 
surface of the above-mentioned Pt electrode on the sapphire single crystal substrate by 
which weld slag vacuum evaporation was carried out apply and dry said coating solution by 
a spin coater at 650 **, it heat-treated for 1 minute at 300 **, and the gel film was produced. 
After repeating operation of spreading-heat treatment of a coating solution, calcination for 1 
minute (inside of the atmosphere) was performed at 830 **, and three kinds of Pb 
(Mg 1/3 Nb 2/3 ) 0 3 thin films, 0.5 micrometer of thickness, 1.0 micrometer, and 2.0 

micrometers, were obtained. When the perovskite yield was calculated from the X 
diffraction result of the obtained thin film, it was about 95%, respectively. 
[0085]A gold electrode 0.2 mm in diameter is formed in all the produced thin film surfaces 
by weld slag vacuum evaporation, As a result of producing a thin film capacitor and 
searching for specific inductive capacity and dielectric loss on conditions (25 ** and 1 kHz 
(AdOOmV)) using an LCR meter (product 4284A made by Hewlett Packard), specific 
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inductive capacity was 2620 and dielectric loss was 0.036, respectively. The temperature- 
characteristics evaluation result of the specific inductive capacity in a -40 ** to +85 ** 
temperature requirement is shown in drawing 4. The temperature change rates (deltak/k 
(25 **)) of the specific inductive capacity k were -9.6% to +6.0%, and less than **15%. It is 
specific inductive capacity [ in / deltak can be set to variation with a specific inductive 
capacity of -40 ** to +85 **, and / in k (25 **) / 25 ** ]. 

[0086]The direct-current electric field dependency of specific inductive capacity is shown in 
drawing 5. The percentage reduction of the specific inductive capacity in a 5v/micrometer 
direct-current electric field was less than 40%. 

[0087]The impedance characteristic in 1.8 GHz was measured using the impedance 
analyzer (HP4291 A by Hewlett Packard) from 1 MHz of the above-mentioned thin film 
capacitor. An electrode area and electrode thickness were changed and the capacity C and 
the inductance L of the thin film capacitor were adjusted so that the resonance frequency of 
a thin film capacitor might be set to not less than 300 MHz. It was 2040, when capacity was 
computed from the impedance in 100 MHz of test frequencies and having been asked for 
specific inductive capacity. The frequency characteristic of specific inductive capacity is 
shown in drawing 6. 

[0088]Temperature characteristics and direct-current electric field dependency were the 
same as the result in 1 kHz. 

[0089]** Tetra-****- propoxytitanium which is a production starting material of the dielectric 
membrane with which it is expressed as BaTi^ y Zr x Sn y 0 3 , A tetra-n-propoxyzirconium 

and tetra-****- propoxytin were melted in 2-methoxyethanol which is a solvent, and the 
titanium solution, the zirconium solution, and tin fluid of 0.4M (mol/l.) concentration were 
produced, respectively. Metal barium was dissolved in 2-methoxyethanol which is a solvent, 
and the barium fluid of 0.4 M concentration was produced, four sorts of these solutions - 
BaTi Zr Sn O - a table — it mixed so that x and y at the time might become a value of 

I ~X-y x y O 

Table 1 in the bottom, and the raw material solution was prepared. 
[0090]Subsequently, heat treatment desiccation was performed for 1 minute at 300 ** 
among the atmosphere to the coat obtained by carrying out the spin coat of these each raw 
material solution on a platinum (Pt) board, respectively, and heat treatment for 
crystallization was performed for 5 minutes at 750 ** among the atmosphere after this. The 
dielectric membrane which forms the thin film a 30 times repetition deed and whose 
thickness are 0.8 micrometer about a series of processes from spreading of the solution by 
such a spin coat to heat treatment for crystallization, performs calcination at 1050-1 140 ** 
among oxygen environment for 1 hour, and has the average crystal grain diameter d of 
Table 1 by 0.6 micrometer of thickness was obtained. 

[0091]When X diffraction measurement (XRD) analyzed the obtained dielectric membrane, 
as for all, the peak of the perovskite type oxide was checked. Dielectric membrane was 
observed with the scanning electron microscope (SEM), and the average crystal grain 
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diameter was measured. Evaluation of dielectric characteristics vapor-deposited Au on 
dielectric membrane, was used as the upper electrode, and was performed by forming the 
Pt layer and plate capacitor which are lower electrodes. The LCR meter performed 
measurement and they could be f= 1 kHz of test frequencies, and impressed-electromotive- 
force Vrms =100mV. A rate of change with the specific inductive capacity (K) in a room 
temperature, a dielectric loss (DF), and an electric capacity of -25 ** and 85 ** is measured, 
and these results are shown in Table 1. 

[0092]A rate of change (%) with an electric capacity of -25 ** makes -25 ** electric capacity 
C 25 , When electric capacity of 25 ** is made into C 25 , by x(C _ 25 -C 25 ) 100 / C 25> ask and a 

rate of change (%) with an electric capacity of 85 **, When electric capacity of 85 ** was 
made into C 8g and electric capacity of 25 ** was made into C 2g , it asked by x(C 85 -C 25 ) 

100 / C 25 . When it was considered as electric capacity C 1 when electric capacity C Q when 

not impressing voltage for DC bias characteristics and the voltage of 5v/micrometer were 
impressed, it asked by (C^C^/C^IOO and indicated to Table 1. 

[0093]Characterization at 1 MHz - 1.8 GHz was performed using the impedance analyzer 
(HP4291A by Hewlett Packard, fixture HP16092A). Measurement of the impedance 
frequency characteristic estimated the equivalent series capacitance at 100 MHz (room 
temperature), and it asked for specific inductive capacity by it. These results are shown in 
Table 1. 
[0094] 
[Table 1] 
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No. 


xtt 


yft 


d( tsu) 


aw* 

K 
lKHz 


ikBM 

K 
lOOttHz 


DF 

CO 


E=5V/ 
in 00 


SSSMfc* (%) 


-25 t 


asr 


1 


0.010 


0.010 


0.25 


1890 


1701 


2.76 


24.3 


-4.50 


-4.2 


2 


0.010 


0.020 


0.22 


1790 


1629 


2.62 


24.2 


•5.60 


-2.2 


3 


0.010 


0.035 


0.21 


1780 


1655 


2.43 


25.1 


-5.32 


-3.0 


4 


0.010 


0.050 


0.19 


1770 


1663 


2.23 


27.0 


-5.08 


-3.9 


5 


0.010 


0.0(5 


0.17 


ITS 


1648 


2.15 


29.2 


-3.80 


-13.5 


6 


0.025 


0.010 


0.20 


1473 


1369 


2.42 


17.3 


-5.50 


-1.4 


7 


0.025 


0.020 


0.17 


1510 


1419 


2.23 


17.5 


•7.10 


1.8 


8 


0.025 


0.035 


0.15 


1520 


1444 


2.20 


18.0 


-6.30 


1.9 


9 


0.025 


0.050 


0.14 


1520 


1444 


2.06 


19.9 


-5.80 


2.0 


10 


0.025 


0.065 


0.13 


1500 


1455 


1.81 


22.4 


-6.00 


-7.3 


11 


0.025 


0.080 


0.13 


1325 


1285 


1.73 


25.0 


2.20 


-7.7 


12 


0.025 


0.100 


0.10 


1115 


1093 


1.55 


26.1 


12.50 


-21.0 


13 


0.050 


0.010 


0.17 


1490 


1430 


2.54 


23.4 


-5.40 


-2.0 


14 


0.050 


0.020 


0.15 


1540 


1478 


2.21 


23.5 


-6.20 


1.6 


15 


0.050 


0.035 


0.14 


1520 


1474 


2.16 


25.1 


-5.80 


0.7 


16 


A ATA 

0.050 


0.050 


0.14 


1505 


1459 


2.11 


26.5 


-5.30 


0 


17 


0.050 


0.065 


0.12 


1500 


1470 


1.76 


28.6 


-8.00 


-13.3 


IB 


0.080 


0.010 


0, 15 


1340 


1299 


2,37 


18.6 


-3.90 


-1.6 


19 


0.080 


0.020 


0.14 


1380 


13S2 


2.10 


18.3 


-4.50 


0.7 


20 


0.080 


0.085 


0.13 


1375 


1347 


2.07 


21.0 


-4.30 


0 


21 


0.080 


0.050 


0*12 


1350 


1323 


2.00 


22.5 


-3.60 


-0.9 


22 


0.080 


0.065 


0.11 


1320 


1293 


1.92 


23.5 


O. Oil 


-14 A 


23 


0. 100 


0.010 


0.13 


1205 


1169 


2.20 


14.7 


-2.50 


-1.1 


24 


0. 100 


0.020 


0.13 


1240 


1202 


2.01 


15.3 


-3.20 


0 


25 


0.100- 


0.035 


0.12 


1225 


1200 


1.95 


16.8 


-2.70 


-0.8 


26 


0.100 


0.050 


0.10 


1200 


1176 


1.88 


18.2 


-2.10 


-1.7 


27 


0.100- 


0.065 


0.09 


1170 


1158 


1.75 


20.7 


5.50 


-13.2 


28 


0.110 


0.010 


0.12 


1080 


1058 


2.11 


11.0 


-1.30 


-0.7 


29 


0.110 


0.050 


0.08 


1030 


1019 


1.67 


16.0 


-1.40 


-3.1 



[0095]As shown in Table 1, the dielectric membrane of this invention surrounded by the line 
segment of the point A, B, and C of dr^ingJL D, E, F, and A, The specific inductive 
capacity at 1 kHz and 100 MHz (room temperature) has 1200 and high permittivity of 1 100 
or more, respectively, and its temperature change rates of electric capacity are also as 
small as **8% or less, and it understands [ 2.76% or less and ] that dielectric loss is also 
small. 

[0096]ln a with a particle diameter [ below 0.10 micrometer ] sample (No.27, 29), the 
specific inductive capacity at 1 kHz is less than 1200, or the specific inductive capacity of 
100 MHz will be less than 1 100. 

[0097]Change of electric capacity [ as opposed to a DC bias at this invention ], At the time 
of 5v [/micrometer ] impression, it is less than 30% of fall, and the specific inductive 
capacity at 1 kHz and 100 MHz (room temperature) is 1200 and 1 100 or more, respectively, 
To the temperature change rates of electric capacity being less than **8%, in the example 
besides the range, the specific inductive capacity at 1 kHz is all less than 1200, or the 
specific inductive capacity of 100 MHz will be less than 1 100. It turns out that reduction of 
the electric capacity by the temperature change rates of electric capacity also exceeding 
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**10%, or impressing a DC bias is large. 

[0098]The average crystal grain diameter in which this invention persons produced the 
granular material as a raw material is 10 micrometers, Thickness produces the sintered 
compact of the conventional BaTi Zr Sn O (x is 0.05 and y is 0.05) which is 20 

micrometers, The place which measured specific inductive capacity and the rate of change 
of the electric capacity to a DC bias like the above, In the grade with which it is satisfied of 
the F characteristic of JIS, i.e., -25-85 **, although the specific inductive capacity at 1 kHz 
was as high as 15000, it was the fall whose electric capacity by 5v/micrometer DC-bias 
impression is 70%, and, moreover, the temperature characteristics of electric capacity were 
about -30 to +85%. The specific inductive capacity of 100 MHz was 10500. 
[0099]Example 1 production was performed in the procedure as follows. The 1st platinum 
electrode layer was formed by the weld slag of the platinum target with the 1st mask pattern 
on the 0.25-mm-thick alumina sintered body board. Formation of the electrode layer used 
the high frequency magnetron sputtering method. Ar gas was introduced in the process 
chamber as gas for weld slag, and the pressure was maintained to 6.7 Pa with evacuation. 
[0100]A substrate holder and three target holders are installed in a process chamber, and 
the weld slag from three kinds of target materials is possible. The substrate holder was 
moved to the target positions of the material kind which forms membranes at the time of 
weld slag, and the distance between substrate-targets was fixed to 60 mm. 
[0101]Between the substrate holder and the target, the seal of approval of the high 
frequency voltage of 13.56 MHz was carried out by the external RF generator, by the 
magnetron magnetic field formed with the permanent magnet installed in the target back, 
high-density plasma was made to generate near the target, and the weld slag of the target 
surface was performed. The seal of approval of high frequency voltage was possible 
independently of three targets, and in this example, the seal of approval of it was carried 
out only to the target of the maximum contiguity in a substrate, and it generated plasma. 
The substrate holder has a heating machine style with a heater, and the substrate 
temperature under weld slag membrane formation was controlled to become fixed. 
[0102]Three kinds of 0.1-mm-thick metallic masks are installed in the target side of the 
substrate installed in the substrate holder, and it was considered as the structure which a 
required mask can set to a substrate film formation surface according to a membrane 
formation pattern. 

[0103]After applying and drying the coating solution which consists of Pb(Mg 1# -Nb 0/ J CX 

obtained by [ as having described above ] by a spin coater on the silicon on sapphire in 
which the 1st electrode layer was formed, it heat-treated for 1 minute at 300 **, and the gel 
film was produced. After repeating operation of spreading-heat treatment of a coating 
solution, calcination for 1 minute (inside of the atmosphere) was performed at 830 **, and 
the Pb(Mg 1/3 Nb 2/3 ) 0 3 thin film was obtained. 

[0104]Resist was applied on the obtained above-mentioned dielectric membrane, and 
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negatives were exposed and developed according to the photo lithography process, and by 
the wet etching which makes this a mask, dielectric membrane was patterned after pattern 
shape and the split high dielectric constant body was produced. Next, the 3rd mask pattern 
was set and the lower dielectric constant object was formed between split high dielectric 
constant bodies by the weld slag of the Si0 2 target. This lower dielectric constant object 

(specific inductive capacity 4.0) adjoins a split high dielectric constant body, and in order 
that an electric field may concentrate on a split high dielectric constant body, it is 
established in order to form the multiple connection structure by a split high dielectric 
constant body as a capacitor element. 

[0105]Then, the 2nd platinum electrode layer was formed by the sputtering technique. The 
upper electrode, i.e., a power side, was formed by the weld slag of the platinum target. As a 
capacity extraction part, the lower electrode is greatly set up as compared with an upper 

electrode. The area of each split high dielectric constant body is 0.2x0.2-mm 2 , and the 
width of a lower dielectric constant object is 0.1 mm. The area of the dielectric membrane of 

the whole element is 3x3-mm , and the unit capacitor formed from a split high dielectric 
constant body is the thin film capacitor by which 100-piece multiple connection was carried 
out. 

[0106]The impedance characteristic in 1.8 GHz was measured using the impedance 
analyzer (HP4291A by Hewlett Packard) from 1 MHz of the produced thin film capacitor. 
196nF (per unit capacitor 1 , 1 .96nF) and effective inductance were [ effective capacity / 
8pH (per unit capacitor 800pH) and the effective resistance of 15mohm (1 .5ohms per unit 
capacitor) and resonance frequency ] 127 MHz. The thing with large resistance per unit 
capacitor is because the Pt membrane electrode of sub mum thickness is used. 
It is possible to make electrode thickness into low resistance further by making it thicker. 

[0107]lf what is necessary shall be just to make small area of each split high dielectric 

constant body divided and the width of 0.1x0.1 -mm 2 and low permittivity layers shall be 
0.05 mm in order to move resonance frequency to the high frequency side more, will 
become comparable [ effective capacity ] as said example, but. Since the number of unit 
capacitors will be 4 times, resonance frequency can be considered as about 254 MHz and 
twice. 

[01 08] Effective capacity was [ 120pH and the effective resistance of 210nF and effective 
inductance ] 48mohms when the low permittivity resin which consists of polyimide resin 
instead of amorphous Si0 2 was filled up with the above-mentioned structure as a 

comparative example. 

[0109]The coating solution which consists of example 2BaTi 1 x y Zr x Sn y 0 3 (x= 0.05, y= 

0.02, sample No. 14 of Table 1) was produced as mentioned above, and the thin film 
capacitor of the same electrode shape as the sample of Example 1 was produced like the 
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above-mentioned Example 1 . It asked like the above-mentioned example about the 
characteristic of this thin film capacitor. 

[01 10] Effective capacity was [ 10pH and the effective resistance of 102nF and effective 

inductance ] 14mohms. 

[0111] 

[Effect of the lnvention]As explained in full detail above, the lower dielectric constant object 
which consists of a split high dielectric constant body and amorphous Si0 2 constituted 

dielectric membrane from this invention. 

Therefore, large scale and low inductance can be realized simultaneously and noise 
reduction of an ultra high-speed IC circuit can be planned. 

[0112]Namely, since it was filled up with low-loss lower dielectric constant amorphous Si0 2 

between split high dielectric constant bodies, Since low dielectric loss, i.e., low resistance, 
is realizable while making small the leakage of the electric flux density of a split high 
dielectric constant body and being able to promote low inductance-ization, efficient charge 
supply to IC can be carried out. 

[01 13] Effective capacity is the large scale of 100 or more nF, and Therefore, and low 
inductance (10 or less pH), A thin film decoupling capacitor with the resonance frequency of 
not less than 100 MHz can be provided, and effective removal of the simultaneous change 
noise in the high-speed digital IC circuit which operates by a 1-GHz clock frequency from 
several 100 MHz, and steady stabilization of power supply voltage can be attained. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[ Draw ing 1]ln empirical formula BaTi 1 x y Zr x Sn y 0 3 , it is the figure which indicated x on the 
horizontal axis and indicated y on the vertical axis. 

[ Draw ing 2]lt is a perspective view showing the basic constitution of the thin film capacitor 
of this invention. 

[Drawing 3]lt is a top view in the state where the electrode layer of the upper part of 
drawing 2 was omitted. 

[Drawing 4]lt is a figure showing the temperature characteristics of the specific inductive 
capacity in 1 kHz of test frequencies of the Pb(Mg 1/3 Nb 2/3 ) 0 3 thin film produced in the 

example. 

[Drawing i 5]lt is a figure showing the direct-current electric field dependency of the specific 
inductive capacity in 1 kHz of test frequencies of the Pb ( M 9 1/3 N b 2/3 ) °3 thin film produced 

in the example. 

[D rawin g 6]lt is a figure showing the frequency characteristic of the specific inductive 
capacity of the Pb ( M 9 1/3 Nb 2 / 3 ) ° 3 thin fi,m produced in the example. 

[Description of Notations] 

1 ... Substrate 

2, 5 ... Electrode layer 

3 ... Split high dielectric constant body 

4 ... Lower dielectric constant object 
6, 7 ... Capacity extraction part 

10 ... Dielectric membrane 



[Translation done.] 
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